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Abstract
Introduction: Previous human studies have shown low activity of protein C (APC) in severe acute pancreatitis
(SAP). This, together with the findings in animal models, suggests that activated protein C (APC) may protect
against pancreatic injury and ameliorate the disease. We, therefore, evaluated its effect on multiple organ
dysfunction (MOD) measured by the SOFA (Sequential Organ Failure Assessment) and on organ-failure-free days,
and the safety of APC in SAP.
Methods: A prospective double blind randomized pilot study was use. The study occurred in one university
hospital tertiary intensive care unit (ICU) with eight beds. The patients were chosen according to the following
inclusion criteria: 1) Those admitted to the hospital < 96 h from the onset of pain, 2) Those who had a three-fold
increase in serum amylase over normal upper range or/and in whom computed tomography (CT) verification of
SAP was noted, 3) Those who had one or more organ dysfunction (OD), and 4) Those in whom less than 48 hours
had passed since their first OD. Of a total of 215 adult patients with SAP screened between June 2003 and August
2007, 158 fulfilled the study inclusion criteria. After exclusions 32 patients were randomized to the study. The
intervention consisted of APC (N = 16) administered intravenously for 96 hours with a dose of 24 μg/kg/hour or
placebo (N = 16) with a similar infusion rate. The sample size for the study was calculated according to the primary
end-point: the change in SOFA during study drug infusion (Days 0 and 5). Comparisons between the study groups
were performed using patient-related changes and calculation of difference in means (DIM, 95% CIs) and regarding
categorical variables with Fisher’s exact test. For all comparisons P < 0.05 was considered significant.
Results: No serious bleeding was detected clinically or by CT scans in either group. No significant difference in
SOFA score change between the APC and placebo groups was found (difference in means (DIM) +2.3, 95% CI -0.7
to +5.3). Treatment with APC was associated with an increase in serum levels of both total and conjugated
bilirubin. No differences in ventilator-free days, in renal replacement therapy-free days, in vasopressor-free days, or
in days alive outside the hospital were detected.
Conclusions: No serious bleeding or differences in the evolution of MOD were detected between APC and the
placebo. Instead we found an increase in serum bilirubin in the APC group compared to the placebo group in
patients with SAP.
Trial registration: ClinicalTrials.gov NCT01017107.
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Regardless of achievements in critical care the over-
whelming inflammatory response [1] in patients with
severe acute pancreatitis (SAP) still leads to multiple
organ dysfunction (MOD) in over 60% [2] and to hospi-
tal death in 6 to 47% [2,3] of cases. In MOD patients
with at least two failing organs, according to the
Sequential Organ Failure Assessment (SOFA) [4], the
hospital mortality rates may be as high as 50 to 91% [2].
Furthermore, systemic activation of the coagulation sys-
tem commonly occurs in over half of the critically ill
patients with SAP [2]. In rabbits an immediate activa-
tion of protein C (PC) is a specific characteristic of
hemostatic activation in SAP [5]. We have also pre-
viously shown that plasma samples in SAP drawn before
MOD showed low PC levels and high endogenous acti-
vated protein C (APC) to PC ratios [6].
Exogenous recombinant human activated protein C
(drotrecogin alpha activated) has been shown to signifi-
cantly reduce myeloperoxidase levels in acute experi-
mental pancreatitis in rats [7]. Based on an experimental
model inhibition of expression of pancreatic p38 MAPK
and JNK and up-regulation of ERK1/2 expression by
APC treatment may theoretically protect against pan-
creatic injury and ameliorate the disease [8]. In addition,
APC has improved the severity of pancreatic tissue his-
tology, and decreased the super-infection rate and
serum markers of inflammation during the course of
experimental acute necrotizing pancreatitis [9].
Unlike other pharmacologic treatments APC has been
shown to reduce 28-day mortality by 6.1% in a large
randomized controlled trial (RCT) in severe sepsis [10].
Thereafter, the benefits of the treatment have been
questioned with regard to the excess bleeding [11-13],
and confirmatory RCTs are ongoing to confirm or refute
the benefit in septic shock [14]. Based on the positive
RCT in severe sepsis [10] and the above mentioned
laboratory studies in SAP it has been suggested that
APC may also be beneficial in SAP [15]. However, no
human RCT focusing on APC in SAP is available to
date. Thus, no evidence exists to justify the use of APC
in the early stages of SAP with specific concerns of risk
of hemorrhage in patients with prolonged pancreatitis
and pancreatic necrosis [16].
Accordingly, we conducted a prospective randomized
double-blind pilot study in 32 patients with SAP (and
without severe sepsis). We hypothesized that APC
would be associated with decrease in SOFA during the
treatment and also aimed to assess organ-failure free
days to detect potential signs of benefit of APC in SAP
for further hypothesis generating purposes. We also
recorded the number of serious cases of bleeding in
both study groups.
Materials and methods
The ethics committees of the Helsinki University Cen-
tral Hospital approved the study. All patients or their
next of kin gave an informed consent for participation
in the study. The study protocol was registered in Clini-
calTrials.gov (NCT01017107).
Study population
A total of 215 admissions with SAP [17] were screened
f o rt h es t u d yi no n et e r t i a r yc a r eu n i v e r s i t yh o s p i t a l
between June 2003 and August 2007. Of the 215, 158
fulfilled the study inclusion criteria: 1) admitted to the
hospital < 96 h from the onset of pain, 2) a three-fold
increase in serum amylase (IU/L) over normal upper
range or/and verification of SAP in computer tomogra-
p h y( C T )[ 1 7 ] ,3 )a tl e a s to n eo r g a nd y s f u n c t i o n( O D )
defined as organ specific SOFA score of at least three of
four, and 4) < 48 hours from the first OD [18]. Finally
32 patients with SAP were randomized to receive either
APC (drotrecogin alpha activated) or 0.9% physiologic
saline [10,18] as a placebo (N = 16). For study flow-
chart and reasons for exclusion see Figure 1.
Intervention
After informed consent theb a s e l i n eS O F As c o r ew a s
registered. The randomization was performed by an
independent statistician using block randomization with
variable block size. The investigators were blinded for
the study treatment and the block size. To increase the
comparability of study groups regarding MOD at base-
line, stratification was performed according to SOFA
score: patients with SOFA scores from 3 to 8, or at least
9 were randomized separately to the APC or placebo
group. The code for study medication was concealed
using sealed envelopes. An independent study nurse
from another ICU, not involved in the treatment of the
study patients, opened the sealed envelope at the
request of the investigator, and prepared either the APC
and placebo infusions for the ICU. APC was admini-
strated intravenously for 96 hours with a fixed dose of
24 μg/kg/hour [10,18] or placebo with the same rate
and similar infusion bag with black infusion lines. The
investigators and the treating personnel remained dou-
ble-blinded to the randomized study drug until the
study database was finalized. The standard treatment
was administered according to a written protocol
including early enteral nutrition; use of pulmonary
artery catheter, colloid and crystalloid fluid administra-
tion, norepinephrine and/or dobutamine infusions in
cardiovascular failure; lung-protective ventilation; seda-
tion with propofol and/or midatzolam, and/or fentanyl
infusion for pain. The only indication for early surgical
treatment during the first three weeks was increased
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organ dysfunction. The standard treatment remained
unchanged during the study and was in close agreement
with the international guidelines [19] except that we
used cefuroxime (first week) and, meropenem thereafter
for infection prophylaxis (which is no longer
recommended).
Data collection
Demographic data, co-morbidities, APACHE II (Acute
Physiology and Chronic Health Evaluation, SOFA score
[4], treatment data, ICU and hospital length of stay
(LOS), and hospital mortality were registered.
Laboratory measurements
The primary safety endpoint was the number of inci-
dents of bleeding, and the primary efficacy endpoint was
the change in SOFA between the start of the study drug
(Day 0) and Day 5 [20,21]. Laboratory measurements for
SOFA (serum creatinine, serum bilirubin, platelet count
and blood gas analysis for PaO2/FiO2-ratio) were per-
formed. After primary analysis of serum total bilirubin
(μmol/L), a post hoc secondary analysis was performed
to detect possible patient-related changes in plasma
hemoglobin (p-Hb, mg/L), serum conjugated bilirubin
(μmol/L), serum pre-albumin (mg/L), serum disialo-
transferrine (DST, %) and serum gamma-glutamyl-trans-
ferase (y-GT, U/L) between the study groups. All
laboratory tests were performed using routine laboratory
methods (Helsinki University Central Hospital
Laboratory).
Secondary endpoints were: Organ-failure-free days
alive (ventilator-free days [22], renal replacement ther-
apy-free days, vasopressor-free days), days alive outside
hospital in 60 days, and changes in other laboratory
values during the first five days.
Radiologic assessment
An abdominal CT-scan was performed on an MX
QUAD (Phillips, Medical Systems, Eindhoven, the Neth-
erlands) before the administration of the study drug and
seven days thereafter to reveal the severity of disease
before the study drug administration and to detect pos-
sible complications during the treatment. Severity of
acute pancreatitis was scored from 0 to 10 by a specia-
list in radiology (AM) who was blinded for the treat-
ment. A classification by Mortele and colleagues [23]
was used for the evaluation.
Statistical methods
The sample size for the study was calculated according
to the primary end-point: the change in SOFA [4].
Based on our previous study [2] we assumed that criti-
cally ill SAP patients would have an average admission
SOFA score of 7 and that the mean (SD) increase would
be 1 (± 3) points in the placebo group. Calculations
according to established methods revealed that a sample
of 16 patients per group would allow us to detect a
clinically meaningful three-point difference in change of
SOFA score (7 to 8 in placebo group vs. 7 to 5 in APC
group with an estimated SD of 3.0 and with P <0 . 0 5
and a power of 80%). The sample size was also assumed
Figure 1 Flow-chart of the study.
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related change in laboratory parameters in this pilot
trial (no preliminary data were available for calcula-
tions). The study was not powered to detect any differ-
ences in mortality.
Data are presented as means + SD or numbers of
patients, as appropriate. According to the assumption
that a considerable number of study patients would die
early in the study, and the possibility that the chosen
sample size would carry the risk of non-comparability at
the baseline, we decided to perform the statistical com-
parison using patient-related changes (before and after
the study drug, Days 0 and 5) in laboratory values, mod-
ified CT and SOFA scores [20], and to use a short time-
period (related to duration of study drug infusion) for
the analyses. Comparisons between the study groups
were performed using these changes and the calculation
of differences in means (DIM (95% CIs)) according to
evidence-based medicine guidelines for randomized stu-
dies [24], and regarding categorical variables with Fish-
er’s exact test. The normal distribution of study
variables was confirmed using Kolmogorov-Smirnov
test. For all comparisons P < 0.05 was considered signif-
icant. The analyses were performed using the SPSS 15.0
software (SPSS, Chicago, IL, USA).
Results
Demographics
The study consisted of 32 adult patients with SAP. The
demographics of study groups are presented in Table 1.
All randomized patients received the randomized treat-
ment with no un-blinding of the code or cessation of
the infusion due to safety reasons. In the APC group 6,
0, 3, 5 and 2 patients had 1, 2, 3, 4 and 5 ODs according
to the SOFA score at baseline compared to 7, 1, 3, 4
and 1 patients in the placebo group, respectively.
Safety data
One patient died after receiving 13 hrs of APC infusion,
and another non-survivor had a laparotomy at 41 hrs of
APC infusion. All the other patients in the APC group
received APC infusion targeted to 96 hrs with tempora-
rily cessations for invasive procedures (range of duration
91 to 97 hrs). No significant bleeding was detected in the
autopsies. No serious bleeding complications were regis-
tered clinically or by CT scan in either group (incidence
0%, 95% CI 0 to 18%, DIM 95% CI -17 to +17%). Minor
bleeding (from mouth, nose, and urinary bleeding)
occurred in four patients in the APC and in two patients
in the placebo group (P = NS). The total number of
administered red blood cell units during the study drug
infusion did not differ between the study groups (seven
in APC vs. eight in placebo group, P = NS).
The study revealed no difference in the severity of
SAP between the groups by modified CT score at the
baseline (5.8 in the APC group vs. 5.3 in controls).
Patient-related changes in the modified CT score and in
laboratory values are presented in Table 2. Treatment
with APC was associated with an increase in serum
bilirubin (DIM 28.4 mmol/L (95% CI 3.6 to 53.1)), and
serum conjugated bilirubin (DIM 25 mmol/L (5.6 to
44.4), respectively). For three patients in APC group and
four patients in the placebo group the missing Day 5
bilirubin value was substituted by the value of the pre-
ceding day. No significant differences in other laboratory
variables were found (Table 2). No differences between
the study groups were detected in the change of serum
DST or gamma-GT (data not shown).
Efficacy data
During the treatment (from Day 0 to Day 5) the mean
(± SD, range) SOFA score changed from 6.5 (± 4.0, 2 to
14) to 8.2 (± 5.0, 0 to 16) in the APC group and from
6.3 (± 3.1, 3 to 11) to 5.7 (± 4.6, 0 to 16) in the placebo
group (DIM 2.3, 95% CI -0.7 to 5.2). The range for indi-
vidual change in SOFA score was -7 to +10 points. The
median of the maximal SOFA score during the ICU stay
was 10 in both groups. After detecting a difference in
change of bilirubin, a post hoc analysis of non-hepatic-
SOFA score was performed (see Table 2). Of the 32
patients, 21 (66%) needed mechanical ventilation, and
the median length of the mechanical ventilation was
eight days (range 0 to 39 days). Twelve (38%) needed
dialysis because of renal failure and 20 of 32 (63%)
needed vasopressor treatment during their stay at the
ICU. The median duration of ICU stay was 11 days
(range 0 to 43 days). The median hospital stay was 23
days (range 2 to 140 days). No differences in ventilator
free days, in renal replacement therapy-free days, in
vasopressor-free days, or in days alive outside the hospi-
tal, were detected (Table 2).
Table 1 Demographic data of the study patients with
severe acute pancreatitis (SAP) at baseline
Activated protein
CN = 16
Placebo
N =1 6
P-value
Male/female 15/1 14/2 1.0
Etiology
Alcohol/biliary 16/0 15/1 0.5
Age (years) 47.0 (± 8.1) 43.9 (± 11.0) 0.62
Weight (kg) 90.1 (± 19.1) 88.3 (± 15.0) 0.72
Serum amylase (IU/L) 1460 (± 1079) 703 (± 445) 0.03*
SOFA score 6.5 (± 4.0) 6.3 (± 3.1) 0.74
APACHE II score 17.6 (± 8.5) 14.0 (± 5.0) 0.26
Data are presented as numbers or mean (± SD). APACHE II, Acute Physiology
and Chronic Health Evaluation II score. SOFA, Sequential Organ Failure
Assessment in at baseline.
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g r o u pw a s3o f1 6c o m p a r e dt on o n eo f1 6i nt h ep l a -
cebo group (ARR -19%, 95% CIs -38% to 0). The non-
survivors had pre-randomization SOFA scores of 10, 13
and 14 indicating MOD, which was also the autopsy-
confirmed cause of all deaths (on Days 4, 11 and 14). A
total of three patients underwent laparotomy, two of
them (one non-survivor) in the APC group.
Discussion
We undertook a single-center double-blind pilot RCT in
32 patients with severe acute pancreatitis, and found
that patients randomized to receive APC had no more
bleedings compared to the placebo group. In addition,
our study revealed no beneficial effect of APC on MOD.
The serum total and conjugated bilirubin levels
increased in the APC group compared to the placebo
group.
In our study we found no severe bleeding associated
with APC treatment. The main purpose of this pilot
study was to focus on this issue, because the increased
risk of bleeding with APC has raised concerns [11]. The
data from randomized trials in severe sepsis patients
have shown a slightly increased risk of death from ser-
ious bleeding with APC (0.7% vs. 0.2% with placebo)
and a rate of 2.7% to 5.5% of serious bleeding in surgical
patients during the APC infusion [13]. Given that the
patients with SAP are supposed to be prone to throm-
bocytopenia [2], disseminated intravascular coagulation
[25] and intra-abdominal bleedings these concerns seem
to be justified. However, based on post hoc subgroup
analysis of patients with severe sepsis and acute pan-
creatitis in the PROWESS trial [10], APC has been
recommended for SAP patients with severe sepsis
bearing in mind the concern of retroperitoneal haemor-
rage [19]. Fortunately, none of our 16 patients with
APC had retroperitoneal haemorrhage or other serious
bleeding in CT scans and in none of the three expired
patients in this group autopsy could verify any bleeding
to be cause of the fatal outcome. Of note, however, the
absence of serious bleeding in both groups should be
seen in the light of our study design excluding patients
with decreased platelet count and the low number of
patients with operative treatment (2 of 16 in the APC
group).
Our study detected a significant increase in serum
bilirubin levels in the APC group, both in total and con-
jugated values. The reason for this increase remained
unsolved, because no difference in patient-related
plasma hemoglobin levels, serum gamma-GT, pre-albu-
min, or in DST was detected. In the literature, early
bilirubin increase during Days 1 to 7 has been detected
previously also in severe sepsis patients treated with
APC [26]. Despite the comparable baseline hepatic
SOFA both the averaged hepatic SOFA scores for Days
1 to 7 and the prevalence of hepatic organ dysfunction
w e r ei n c r e a s e di nA P Cg r o u pc o m p a r e dt op l a c e b oi n
the PROWESS trial [26]. Our results, which showed
increase in total bilirubin levels with APC, are in agree-
ment with the previous findings in a different patient
group of severe sepsis.
This pilot study was underpowered to detect small dif-
ferences in MOD assessed by SOFA score. Given the
wide range in individual change in SOFA (-7 to +10
SOFA points), our study had a moderate chance to
detect a three-point decrease in patient-related change
in SOFA score during the first five days. However, in
this pilot we endeavored to seek a trend for hypothesis
Table 2 Safety and efficacy variables of the study presented as mean and difference in means (95% confidence
interval)
N APC Placebo Difference in means between
the study groups (95% CI)
Delta SOFA score 16 1.8 (4.3) 16 -0.6 (4.1) 2.3 (-0.7 to 5.2)
Delta-non-hepatic SOFA 16 1.9 (4.1) 16 -0.2 (3.9) 2.1 (-0.8 to 4.9)
Ventilator free days 16 10.4 (9.4) 16 10.4 (11.5) 0 (-7.4 to 7.4)
Renal replacement therapy-free days 16 52.7 (12.7) 16 55.3 (9.3) -2.6 (-10.5 to 5.3)
Vasopressor-free days 16 52.8 (7.1) 16 55.1 (6.0) -2.6 (-5.9 to 2.3)
Alive outside hospital - days 16 17.1 (32.5) 16 34.4 (13.0) -17.4 (-0.1 to -34.9)
Delta modified CT score 11 0.5 (2.0) 11 0.5 (1.8) 0 (-1.6 to 1.6)
Delta serum bilirubin, total (μmol/L) 16 18 (46.4) 16 -10 (17.0) 28 (3.6 to 53.1) *
Delta serum bilirubin, conjugated (μmol/L) 13 14 (31.9) 12 -11 (11.1) 25 (5.6 to 44.4) *
Delta serum creatinine (μmol/L) 16 -37 (84) 16 13 (86) -50 (-110 to 10)
Delta platelet count (× 10
9/L) 16 32 (52) 16 35 (55) -3 (-40 to 34)
Delta plasma hemoglobin mg/L 13 -226 (499.5) 16 -65 (83.2) -161 (-413 to 92.0)
Delta serum pre-albumin mg/L 13 -50 (49.7) 12 -69 (55.2) 19 (-23.0 to 61.0)
Organ-dysfunction-free days calculated for 60 days.
*significant differences; CI, confidence interval.
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in SOFA score was detected in either days free of organ
dysfunction or in a change of SOFA score. On the con-
trary, we detected a non-significant difference in means
of 2.3 in SOFA score in advantage of placebo, a trend
not explained by the bilirubin changes. To sum up,
although the results of pilot studies should be consid-
ered with caution, we could not detect any beneficial
sign to justify a larger RCT with APC in SAP, at least
with similar inclusion criteria, in alcohol-induced acute
pancreatitis (> 90%), and with a similar timing, dose and
duration of APC treatment.
No previous RCT in humans evaluating the safety and
efficacy of APC in SAP has been conducted. Only a few
cases of acute pancreatitis accompanied by severe sepsis
have been treated with APC [10,27]. Previous animal
models of SAP have suggested decreased inflammation,
up-regulation of expressions of endothelial cell protein
C receptor and thrombomodulin [28], and improved
survival with APC in rats [7], although reports have
been contradictory [29]. Other proposed mechanisms
for possible benefits in SAP have been the regulation of
mitogen-activated kinases [8], a decrease in leukocyte-
endothelial interaction [30], improved intestinal micro-
circulation [31], and a decrease in infection of mesen-
teric lymph nodes [9]. In addition, APC has been shown
to modulate the systematic inflammatory response by
inhibition of tumor necrosis factor and nuclear factor-
kappa-B (NF-B) release [32], among other proposed
beneficial mechanisms in severe inflammatory disorders
[33]. Given that previous studies have detected lower
levels of APC and AT III in non-survivors [34] and low
endogenous PC levels and high APC:PC ratios are found
in MOD patients in human SAP [6], we previously
agreed to a biologically plausible rationale for the use of
APC in SAP. In keeping with this, APC has been
assessed as a potential treatment option for SAP [15,16].
Accordingly, we undertook a randomized pilot trial but
found no signs of benefits of APC in SAP.
Our study has several strengths. The study was a dou-
ble-blinded trial, the concomitant treatment did not
change during the study period, the disease severity of
SAP in terms of SOFA and APACHE II scores was
comparable to our previous observational study [2], and
patients not included in the study were registered
according to the CONSORT guidelines [35]. In addition,
the placebo group received the best available standard
treatment. Our study thus avoided the potential bias
caused by under-treatment of the placebo group [36]
and the mortality in the placebo group was in the range
of best available practice (< 20%). We also used the
same dose of APC as in the two first large trials in
severe sepsis [10,18].
Our study also has some limitations. First, the groups
were not totally comparable after randomization. The
patients in the APC group had a higher serum amylase
level (although not reflecting the severity of SAP), and
those three patients who died of MOD already had high
SOFA scores (10 to 14) before the study drug infusion.
Extrapolated from the severe sepsis trials we reasoned
that the most severely ill SAP patients might also gain
the most possible benefit and, therefore, did not exclude
patients with severe MOD at baseline. It could be
argued that some of our patients were too sick or too
early or late in the course of their disease to have any
a d v a n t a g eo fA P C .C o m p a r e dt oar e c e n ts t u d yo f5 5
patients with acute pancreatitis (with a 30-day mortality
of 27%) [37], the patients in this study had higher base-
line SOFA (6.4 vs. 5.8) and APACHE II (15.8 vs. 12.2)
scores. Furthermore, we used only patient-related
changes in our pre-defined analysis to overcome the
problem with slight trends to differences at baseline. In
addition, SAP patients with high SOFA scores have the
possibility to survive [2] as also shown in the placebo
group (SOFA range up to 16) in the present study.
However, although the median of maximum SOFA
scores was 10 in both treatment groups indicating
MOD, due to a limited sample size we cannot definitely
rule out the benefit of APC in SAP patients with even
higher baseline SOFA scores and more severe MOD.
Second, the choice of a similar timing, dose and dura-
tion of APC treatment as in severe sepsis trials may be
criticized. It is possible that patients with SAP would
need a higher dose due to an overwhelming inflamma-
tory response. For a pilot study without any previous
human studies, we found it safer to use the dose pre-
viously used in RCTs of severe sepsis. Third, the out-
come in the placebo group was better than expected
which may have caused bias to assessment of the SOFA
scores. Fourth, due to sample size we can only conclude
that we could exclude a difference in incidence of ser-
ious bleeding exceeding 17%. A larger sample size is
needed to exclude possible smaller differences in the
safety of APC in SAP. Fifth, an alternative study
approach could have been to include only a subgroup of
SAP patients with low PC and/or antithrombin levels at
baseline. Finally, we evalua t e dt h ec h a n g ei nS O F Ai n
five days [20], which may be too short a time to detect
the difference in MOD. However, no long-term outcome
measure showed a benefit either.
Conclusions
We conclude that no serious incidents of bleeding were
detected in severe acute pancreatitis patients who
received APC. In addition, we found no differences in
the evolution of MOD or in organ-failure-free days
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revealed increases in serum total and conjugated biliru-
bin levels in SAP treated with APC compared to the
placebo.
Key messages
￿ Previous evidence suggests that activated protein C
(APC) may protect against pancreatic injury.
￿ In a randomized pilot human clinical trial compris-
ing 32 patients with severe acute pancreatitis we
found no difference in serious bleeding or develop-
ment of multiple organ dysfunction between APC
and the placebo.
￿ Serum bilirubin levels increased in the APC group.
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